To study the propagation characteristics of Rayleigh waves and the isolation mechanism of a single-row of piles by isolation effects, in this paper we draw a two-dimensional contour map of ζ (normalized acceleration amplitude relative to a measure close at the vibration source) using a vibration test carried out on a sand foundation. In this experiment, we study, in addition to the free field and the single pile cases, settings with two and three piles. e result shows that the vibration caused by the point source in the free field excites Rayleigh waves in a radial direction along the surface of the foundation. Meanwhile, the vibrations of the points along the propagation path on the surface of the foundation are gradually weakened. ere is a steady transition when the ζ drops to 0.6 and a placid decline when ζ decreases to less than 0.25. e vibration-shielded region, the strengthened region, and the strengthened strips will appear on the surface of the foundation. e vibration-shielded region is located behind the piles, and the region presents a trumpet-shaped area that takes the pile as the vertex. Increasing the quantity of piles contributes to increasing the vibration isolation effect, not only that involving the degree of isolation but also for the area of the shielded area. e vibration-strengthened regions include the diffraction regions at the pile corners on both sides of the single-row of piles and the scattering region at the gaps of the piles. In addition, the composite regions are located among the vibration source and the scattering and diffraction-strengthened regions. Increasing the number of piles has little influence on the scattering and diffraction-strengthened regions but can significantly enhance the vibrations of the composite regions. In general, the vibration-strengthened strips are connected with the scattering-strengthened regions. However, in the test of a single pile, the pile is connected to the diffraction-strengthened regions near its two anterior angles.
Introduction
With the steady progress of China's economy, the transportation system has developed rapidly, especially the rail transit which has grown both in volume and speed. However, the ensuing vibration pollution has also become increasingly serious and has adversely affected human health, buildings stability, and the normal use and maintenance of sensitive equipment [1] [2] [3] . e issue of vibration pollution has become one of the seven major public hazards, accounting for approximately 30 percent of all public hazards [4] . It seems appropriate to understand the vibration pollution and how to mitigate its effects. e main sources of ground vibrations are highways, railways, heavy industrial machinery, and construction activities [5] . e issue of vibration pollution is largely related to soil dynamics, and an associated method to effectively control vibration pollution is to set up a vibration isolation barrier in the foundation. e form of the barrier varies and can be divided into continuous and discontinuous barriers [6] . Continuous barriers commonly used in projects are open trenches and in-filled trenches; the corresponding discontinuous barriers mainly include discontinuous row wells and piles, and the number of rows is determined by the project requirements [7] . Although the wells and the open trenches are relatively effective [8] , the depths of these barriers are generally shallow. eir use is therefore limited to a certain extent when considering some engineering problems, such as soil stability and secure but low-cost construction [9] . Relatively speaking, row piles not only have a good vibration isolation effect [10] but also have good adaptability to environmental conditions and design requirements. ere are some advantages over other types of vibration isolation barriers.
Many scholars have conducted different degrees of research on the vibration isolation effects and mechanisms of row piles. Aviles and Sanchez-Sesma [11] proposed a theoretical study of a single-row of rigid pile serving as an isolation barrier to elastic waves. Parameters such as the pile diameter, pile length, and pile spacing were analysed. Woods et al. [12] analysed the vibration isolation effect of wells and row piles via holography technology and proposed that the vibration isolation effect is better when the diameter of the single discontinuous barrier is larger than 1/6 of the shielded wavelength. In an investigation presented by Kattis et al. [13, 14] , the pile length, burial depth, and overall width are the primary factors that affect the vibration isolation effect, and the pile spacing is significant. Xu [15] studied the passive isolation of moving loads using pile rows embedded in saturated soil. e vibration isolation effect of single-row of piles for low speed moving loads is considered to be better than those of the higher speed moving loads. Additionally, the optimal length of piles for higher speed moving loads is shorter than that for lower speed moving loads. Liu and Wang [16] analysed the isolation effect of the discontinuous pile-group barriers on plane P and SV waves within a broad frequency band. e results show that multiple rows of piles should be adopted for low-frequency waves, and a pile group with more than 3 rows will not lead to a significant improvement in the isolation effect for the high-frequency waves. Sun [17] proposed a theoretical methodology that can calculate the multiple scattering of plane SH waves for multirow tubular piles with arbitrarily arranged and sectional dimensions. Shi and Gao [1] and Xu et al. [18] studied the passive vibration isolation of single-row of piles in a distant field using a numerical analysis method, and the results were compared.
However, the vibration isolation effect of row piles is regarded as a simple research topic. Most of the studies focus on the comparison of vibration isolation effects and the analysis of their influencing factors. A deeper exploration of the isolation mechanisms associated with isolation effects is lacking.
e vibration isolation problem of single-row of piles excited by point vibration sources on sand foundations has been undertaken in this paper, and the isolation mechanism of single-row of piles from a two-dimensional perspective is discussed, which enriches the research findings in the field of vibration isolation for single-row of piles.
Correlation Theory, Test Condition, and Procedure
In soil dynamics, the foundation is generally abstracted into elastic media in an ideal half-space. e longitudinal wave (P) caused expansion and compression of the medium, and the transverse wave (S) caused rotation of the medium in the soil. When the above waves propagate to the surface of the soil, a surface wave named the Rayleigh wave (R) is formed [19] . A Rayleigh wave propagates only along the surface of the soil and decays exponentially with increasing depth. e vibration waves are not completely cut off when obstructed by barriers, and some will still propagate to the rear area of the barrier in some way. e lower the vibration energy propagating behind the barrier, the better the isolation performance of the barrier.
Take the discontinuous isolation barrier that is applied for a point vibration source as an example. ere are three different approaches for a wave to pass through an isolation barrier: diffraction [20] , transmission [21] , and scattering [22] . Moreover, the isolation barrier can also reflect the wave [23] . Four types of waves corresponding to the above approaches exist behind the barrier: diffraction waves, transmission waves, scattering waves, and reflection waves, as shown in Figure 1 .
e research results of Miller and Pursey [24] show that the energy carried by a Rayleigh wave can reach up to 67% of the total energy (supplemented by the P wave 7% and S wave 26%), and the Rayleigh wave has the largest amplitude of the vibrational waves under the vertical excitation over a half-space. In addition, a Rayleigh wave propagates on the surface of the foundation; thus, its impact on and significance to the project are remarkable.
erefore, the content of this paper is mainly concerned with Rayleigh waves.
Details of Test Equipment.
e main equipment is a set of control systems named WS-Z30, which consists of a control cabinet (including a data acquisition controller, signal generator, signal amplifier, and ICP adapter), electromagnetic exciter, computer, and a few accelerometers.
e field site and the instrument used in the experiment are shown in Figure 2 . Simple and stable signals are sufficient to meet the test requirements. e source is stable; in other words, the waves with specific frequencies and types can be output steadily and continually. Moreover, considering the simplicity of the test operation, a 30 Hz sinusoidal wave is selected as the signal in the experiment. e pile is poured using concrete with a strength grade of C30 (the National Standard of China "Code for Design of Concrete Structures" (GB 50010-2010) stipulates: when the standard value of cube compressive strength of concrete goes to 30 N/ mm 2 , its strength grade is expressed as C30), the shape of which is a square with a side length of 10 cm, and the lengths of which are 30 cm, 40 cm, and 50 cm. ere are 11 accelerometers applied in the test, one of which is used for reference keeping the relative position with the exciter and others are used for the flow test. e mass of each sensor is 28.5 g, the charge sensitivity is 4 pc/ms −2 , the frequency response is 0.2 to 8000 Hz, and the measurement range is 50 m/s 2 . e sampling frequency was set to 5000 times per second in the test, and the measurement time was 5 seconds.
Geotechnical Setting of the Test Site.
Note that the properties of sand are stable and the test variables are easy to control. erefore, the field site is located in the suburbs, where artificial vibrations and other noises are infrequent. According to the borehole data, the soil layering of sand foundation is shown in Figure 3 . e foundation is divided into two layers: the first layer is a medium sand layer with a depth of 10.81 m and the lower one is a coarse sand layer. e wave velocity of each soil layer is measured by single-hole layer-testing method, which is also listed in Figure 3 . e wave velocity of medium sand layer is 110 m/s and that of coarse sand layer is 202 m/s.
Field borehole samples show that a small amount of large gravel impurity is found in the medium sand layering. In order to eliminate the influence of the gravel impurity on the test, a pit with a plane size of 2 m × 4 m and a depth of 5 m is excavated in sand foundation with certain supporting measures. After passing through the 5 mm aperture sieve, the sand excavated from the pit is rammed back into the pit. e method is used to eliminate the interference of the test site boundary and the impurities in the soil to the vibration wave and to improve the scientific nature of the test. e physical properties of the backfilled sand in the test site are shown in Table 1 , the grain-size distribution curve of the sand in the field is shown in Figure 4 , and the particle composition and related indexes are shown in Table 2 .
Test Approach and General Procedure.
e purpose of this paper is to discuss the isolation mechanism of singlerow of piles from a two-dimensional perspective. All the tests involved in this paper are carried out in the sand pit mentioned above, and the surface of the test site is leveled before each test. e plane size of the test site is 2 m × 4 m, and a rectangle-shaped data collection zone with the size of 1.6 m × 2 m is located inside the field site. e exciter, concrete piles, and 357 test points are all in the zone. All the test points are evenly distributed in the data collection zone, and the spacing between each point and its surrounding points is 10 cm. All points are numbered in sequence, and all numbers are continuous and unique. e test layouts are shown in Figure 5 .
In order to reveal the essential characteristics of vibration isolation mechanism of single-row of concrete piles, the number of piles is limited to one, two, and three. Different pile numbers also corresponds to different positions, as shown in Figure 6 . Combined with Figure 5 , the exciter is located on the longitudinal axis of the data collection zone and the midpoint line of the row pile is parallel to the transverse axis. e difference lies in the fact that when the single pile and treble piles are set, the piles and the exciter are opposite and the piles pass through the longitudinal axis of the data collection zone, and when the double piles are set, the gap between the piles and the exciter are opposite and the gap passes through the longitudinal axis of the data collection zone. e purpose of setting up the contrast test is to compare double piles with single pile to investigate the influence of different positions between concrete piles and point vibration source and to compare treble piles with single pile to investigate the influence of the pile quantity. In order to investigate the vibration on the surface of data collection zone under different pile quantities, 19 working conditions are designed in this paper as shown in Table 3 . e variables include the source distance (L), the pile length (H), and the clear distance (D). e source distance (L) denotes the distance between the exciter and the midpoint line of the row pile. e pile length (H) denotes the length of a single pile. e clear distance (D) denotes the distance between the exteriors of two adjacent piles (Figure 6 ). All working conditions can be integrated into 7 contrast test groups for comparative analysis, as shown in Table 4 . e test codes in the two tables are illustrated with the example of T2-343, as shown in Figure 7 . Particularly, the free field refers to the natural foundation without any isolation barriers, so the test code of the free field in the vibration isolation test is T0. e clear distance does not exist in the case of a single pile, which is not shown on the test code, such as in the case of T1-35.
Shock and Vibration
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where A * denotes the peak amplitude of the time history curve of the acceleration at each test point and A 0 denotes the corresponding peaks at the vibration source. Logically, ζ has the following properties: (a) ζ > 0; (b) at the vibration source, ζ � 1, and the infinite distance is close to 0; (c) ζ > 1 indicates the enhancement of vibration, and ζ < 1 indicates the opposite; and (d) ζ is essentially a relative value and not an absolute one. According to the values of ζ at each test point in the data collection zone, a 2D contour map of ζ can be drawn, which can be used to analyse the mechanism of concrete piles acting on Rayleigh waves.
With regard to the use of sensors: as the number of sensors is far less than the number of test points, all flow sensors are used to collect the vibration data from all points according to the sequence of the point number multiple times; to reduce the error, the reference sensor is set to the lateral rear of the exciter to collect the reference acceleration for each time point of the test, and it always keeps a fixed relative position with the exciter.
e principles for determining the values of A * at each test point are as follows: the ratio of the peak amplitude of the acceleration time history curve to the reference is taken as the value of A * at some point. e calculation principle of A 0 is as follows: the average value of A * of each test point, which is adjacent to both the sides and back of the exciter, is the value of A 0 . e direct acquisition of data via the exciter cannot be realized, so an indirect method is used to calculate A 0 in the test.
Tests and data analysis are carried out in accordance with the following operating procedures:
(1) According to the requirements of the working conditions, take the concrete piles embedded in the predetermined position and the vibration exciter and the reference sensor put in place. (2) Level the surface of the test site and mark the locations of the test points, the points occupied by the exciter and the piles need not be tested. 
Results and Analysis
e two-dimensional contour map of ζ is used to analyse the propagation characteristics of the Rayleigh wave on the surface of the sand foundation and the isolation mechanism of the single-row of piles. e scale of the map is 1 : 10, and the drawing area involves the entire data collection zone of the field site. e legend consists of 16 numerical sections with intervals of 0.1. e propagation characteristics of the Rayleigh wave are mainly reflected in the test of the free field, which serves as a control to the row pile when researching the isolation mechanism. Taking into account the page space, reasonable selection, and necessary analysis, the tests of T0, T1-35, T3-353, and T2-353 are highlighted in Table 3 and are taken as representative samples for a detailed discussion. e rest are used only for reference, and no result of these cases is given in detail in this paper.
e Test of the Free Field.
e two-dimensional contour map of T0 is shown in Figure 8 ; the straight line (L 1 ) marked in this figure is the longitudinal axis line through the center of the data collection zone. Figure 8 shows the following characteristics of Rayleigh wave propagation: the Rayleigh wave diffuses in a radial direction that is centered over the vibration source along the surface of the foundation and shows a trend of continuous dissipation. With increasing distance from the vibration source, the dissipation of the acceleration amplitude becomes larger; the minimum value of ζ shown in the figure lies between 0.1 and 0.2, and the area of 0.1 to 0.2 occupies a large portion of the whole area.
Further, a cross section based on L 1 is used to perform a one-dimensional analysis; the associated changes of ζ are shown in Figure 9 . e name α of the horizontal axis in Figure 9 refers to the distance from a certain point to the vibration source. e dissipation characteristics of the acceleration amplitude of the test points in the zone embodied by the cross section of L 1 are shown in Table 5 . e rate of decline in the table refers to the ratio of the ζ difference to the corresponding distance between any two points in the field with the unit of m 
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Shock and Vibration at infinity will theoretically converge to 0, but this is beyond the scope of the data collection zone. Table 3 is selected for the vibration isolation analysis for a single pile, and the twodimensional contour map of ζ based on this case is shown in Figure 10 . e pile is buried on the longitudinal axis line through the center of the date collection zone; the distance from the exciter is 0.3 m; and the pile length is 0.5 m, which corresponds to Figure 6 (a). e L 1 marked in Figure 10 is the longitudinal axis through the center of the data collection zone; the L 2 is located in close proximity to the anterior lateral wall of the pile parallel to the transversal axis of the data collection zone, and both are used for one-dimensional analysis.
e Test of a Single Pile. T1-35 in
Comparing T1-35 with T0, there are some changes in the contour map of ζ in the data collection zone that are reflected in the following two aspects. On the one hand, a triangular vibration-shielded region is formed behind the single pile whose ζ is between 0.1 and 0.2, and the single pile shows a certain vibration isolation effect. At the same time, it is undeniable that the shielded region of a single pile is small and its isolation effect is limited. On the other hand, there are two obvious vibration-strengthened areas near the two anterior angles of the pile, and two vibration-strengthened strips form along the sides of the shielded region, ranging from the strengthened region to the zone behind the pile.
e vibrations of the field in the strengthened region and the strengthened strips are greater than those in the surrounding area, excluding the shielded region.
e reason for the formation of the strengthened region and the strengthened strips is that the energy converges from the diffraction at the two sides of the single pile when the Rayleigh wave passes through the pile.
e longitudinal profile along L 1 in Figure 10 is compared with that at the corresponding position of T0, and the contrasting results are shown in Figure 11 . Compared with T0, the position where the ζ curve begins to enter the placid part is delayed in T1-35. A rebound on the ζ curve is present in front of the pile, and the value of this rebound is nearly 20%. e vibration-shielded region is covered to 0.5 m behind the pile. e vibration in the Shock and Vibrationshielded region is weaker than that in T0, and the opposite pattern is observed outside the shielded region. erefore, the action mechanism of the pile on the Rayleigh wave is not simple weakening but rather energy redistributing. As far as the isolation effect, the maximum of which is 42.10%, a distance of 0.74 m is found between the pile and the point. e transverse profile along L 2 in Figure 10 is compared with that of the corresponding position of T0, and the contrasting results are shown in Figure 12 . e variable β of the horizontal axis of Figure 12 denotes the shortest distance from a point to the longitudinal axis of the data collection zone, which goes through the center of the zone. As shown in Figure 12 , there are two peak values in the ζ curve of T1-35, which are near 0.9. e largest percentage increase is 35.35% higher than that of the corresponding position in T0. e peak values are located on both sides of the pile, which is consistent with the characteristics of the strengthened region near the two anterior angles of the pile in Figure 10 . e ζ value on the lateral sides of the peak decrease rapidly, and the ζ value remains at the level of T0 when it reaches the edge of the data collection zone. Analyzing the curve of T0, ζ remains mostly around the level of 0.6 and decreases to 0.2 near the edge of the data collection zone, which is consistent with the characteristics of the second step shown in Figure 9 and Table 5 . Table 3 is selected for the vibration isolation analysis of the double piles, and the two-dimensional contour map of ζ based on this case is shown in Figure 13 . e exciter is aligned to the blank area between the two piles, which is different from the case of T1-35. e source distance and pile length are the same as those of T1-35, and a clear distance of 0.3 m is added, which corresponds to the results shown in Figure 6(b) .
e Test of the Double Piles. T2-353 in
e L 1 marked in Figure 13 is the longitudinal axis through the center of the data collection zone; L 2 is a line of the same length as L 1 , which connects the vibration source and the center of the cross section of the pile; L 3 is a line running through the data collection zone and connects the centers of the cross section of two piles, which runs parallel to the transverse axis of the data collection zone; L 4 is located in close proximity to the anterior lateral wall of the pile parallel to L 3 .
Compared with T0, the configuration of the pile in T2-353 has the same two effects on the ζ's two-dimensional contour map. e first is the shielded effect, and two trumpet-shaped vibration-shielded regions are formed behind the pile. With increasing distance from the pile, the opening of the shielded region increases gradually. e second effect is the enhancement effect, and three vibrationstrengthened regions are formed due to different causes in the gap between the piles and on both sides of the pile angle. One of the strengthened regions is located in the gap of the piles; the energy convergence of the reflection of Rayleigh waves on both sidewalls of the piles leads to the vibration being strengthened. e energy convergence of the reflection 8 Shock and Vibration of Rayleigh waves occurs on both sidewalls of the piles, leading to strengthened vibrations. e Rayleigh wave is scattered through the gap of the piles, and the scattering wave continues to propagate into the postpile region. e other two strengthened regions have similar causes of formation to those in the test of a single pile and are located near the two anterior lateral angles of the pile. Similarly, this phenomenon involves the diffraction of Rayleigh waves.
Compared with the single pile test of T1-35, the double pile test of T2-353 shows some new characteristics. First, there are two shielded regions corresponding to the number of piles whose shapes are not "closed triangles" but "open trumpets." e shielded region with a ζ value of 0.1-0.2 runs through the region with ζ values of 0.2 to 0.3. e area of the shielded region increases, and the isolation effect of the test of double piles is better than that of a single pile. ere is no especially obvious vibration-strengthened strip like that found in the test of a single pile. is is additional proof that the isolation effect of the double piles is better than that of the single pile. In terms of the shielded region, T2-353 shows some of the same characteristics as T1-35. First, the shape of the shielded region is the same, and the shielded effect determines the opening or closing state of the region. Second, in the data classification method of the ζ values shown in Figure 13 , the shielded region mainly affects the zone of ζ value between 0.2 and 0.3, which is mainly reflected in the area but has little effect on the other regions.
For further analysis, for the longitudinal sections of L 1 and L 2 in Figure 13 and compared with the L 1 profile of T0, the variation of ζ is shown in Figure 14 . T2-353: L 1 passes through the gap of the piles, and the strengthened region is located at the above position, which is reflected in Figure 14 as a rebound of the ζ value at 0.4 m. e peak value of ζ is 1.15 times greater than the ζ of the vibration source. After the peak value, ζ decays sharply and tends to be flat at 0.6 m. T2-353; L 1 is greater than T0; and on the whole, L 1 shows remarkable strengthening. e trend of the curve of T2-353 shows that L 2 is similar to the test of the free foundation, but the position where the curve begins to flatten is earlier than the 0.6 m of T0:L 1 . e isolation effect in the shielded region of the test of double piles is better than that in the test of a free foundation. Figure 15 shows a comparison between T2-353 and T0 at the position of L 3 in Figure 13 .
e line connects the centers of the cross sections of two piles. e figure shows that the ζ curve of T2-353 is higher than that of T0, and the average percentage increase of ζ is 39.46%. e ζ peak of T2-353, which is close to 1.1, appears in the gap of the double piles. e peak of T2-353 is 3 times as high as the ζ value of T0 in the corresponding position. Figure 16 shows a comparison between T2-353 and T0 at the position of L 4 in Figure 13 . e two curves in Figure 16 basically coincide at the edges of both sides, and the difference occurs in the middle of the curve. ere are three peaks on the T2-353 curve, which are located in the gap and on the outsides of the double piles. e middle peak corresponds to the scatteringstrengthened region in Figure 13 , and the peaks on both sides correspond to the strengthened regions of diffraction in Figure 13 . ree peaks of the ζ curve are all close to 1.1, an increase of nearly 66% compared with that of T0. Table 3 is selected for the vibration isolation analysis of the treble piles, and the two-dimensional contour map of ζ based on this case is shown in Figure 17 . One pile was added to each side with a clear distance of 30 cm on the basis of T1-35. e source distance and pile length are the same as those in T1-35, which corresponds to Figure 6(c) . e L 1 marked in Figure 17 is the longitudinal axis through the center of the data collection zone; L 2 is a line of the same length as L 1 , which connects the gap midpoint of the two piles and the vibration source; L 3 is a line running through the data collection zone and connects the centers of the cross section of the three piles, which is parallel to the transverse axis of the data collection zone; L 4 parallel to L 3 is located in close proximity to the midpoint of the middle pile and the vibration source.
e Test of the Treble Piles. T3-353 in
T3-353 differs from the T1-35 test in the following two aspects: (1) the region of ζ < 0.1 appears behind the piles and has a symmetrical shape that was not seen in the previous tests. At the same time, the region of ζ < 0.2 is larger than that of T1-35. erefore, increasing the number of piles is helpful to improving the isolation effect in the postpile area. (2) ere is a remarkably strengthened region in front of the piles, which is called the composite region and lies between the exciter and the middle pile; the ζ peak value in the center of the region reaches more than 1.5, which is higher than the intensity of the vibration source. is region does not appear in T0 and has a certain representation in T1-35 but neither case reached the level of T3-353.
e reason for this strengthened region is probably the strong vibration superposition of the two scattering-strengthened regions in the gap of the piles and the two diffraction-strengthened regions near the anterior angles of the piles. Because of the small quantity of piles, the superposition effect of the strengthened region is weak, which leads to the region being not very significant in T1-35. According to the above analysis, increasing the quantity of piles has two effects on the surface vibration of the foundation. On the one hand, it can enhance the isolation effect of the shielded region and further reduce the surface vibration behind the piles; on the other hand, it inevitably amplifies the surface vibration of the strengthened region, especially in the area in front of piles.
Compared with T2-353, T3-353 has the following similar characteristics. (1) ere are two gaps among the treble piles, and two scattering-strengthened regions corresponding to the two gaps are located in the gaps. In addition, there are two strengthened strips behind the piles connected to the scattering-strengthened regions, which are much more obvious than that of T2-353. (2) ree shielded regions are formed along the line linked to the vibration source and piles. Limited to the direction of the data collection zone and the relative position of the piles and the vibration source, the shielded region behind the middle pile is more obvious than the other two regions. (3) Two diffraction-strengthened regions similar to T2-353 are formed at the anterior angles of the row pile, and there is also no strengthened strip similar to that of T1-35 behind the strengthened region.
e comparison of T3-353 and T0 in the onedimensional analysis is shown in Figures 18-21 , and each figure corresponds to the sections of L 1 ∼L 4 . Figure 18 shows the comparison between T3-353 and T0 on L 1 . e figure shows that the two curves are divided into two stages with the pile as the dividing line. T3-353 is greater than T0 in the front of the piles and is exactly the opposite behind the piles, which is consistent with the analysis of the L 2 of T2-353 in Figure 13 . Specifically, for data analysis, the maximum percentage increase in front of the pile was 124.84%, which is beyond the levels of T1-35 and T2-353. e vibration of the foundation surface of T3-353 behind the piles is generally lower than that of T0, and the result of data analysis shows that the average decrease between the two is 30.54%. In particular, the ζ value of T3-353 is less than 0.1 in beyond 1 m behind the piles, which is close to 50% lower than that of T0, and the isolation effect is quite remarkable. Figure 19 shows a comparison between T3-353 and T0 on L 2 . As shown in the figure, the vibration of the foundation surface of T3-353 on the line linking the vibration source to the gap between piles is generally greater than that of T0, which is consistent with the characteristics of the strengthened strips in Figure 17 . With increasing distance from the vibration source, the two curves in Figure 19 tend to coincide behind the piles, and the influence of the scattering wave tends to weaken. Figure 20 shows a comparison between T3-353 and T0 on L 3 . As shown in the figure, the ζ curve of T3-353 is generally greater than T0. e peak of T2-353 is close to 1.1, appears in the gaps between neighboring piles, and is 0.6 greater than that of T0. e maximum increase of ζ at the same positions at T3-353 to T0 is 140.41%, and the strengthened vibrations in the gaps of the neighboring piles are obvious. Figure 21 shows the vibration of the foundation surface in front of the row piles for a comparison of T3-353 with T0. L 4 runs parallel to L 3 and is located in close proximity to the midpoint of the middle pile and the vibration source, crossing the center of the diffraction vibration region at the anterior angles of the two sides of the piles. ere are three peaks in T3-353 corresponding to the two diffraction-strengthened regions and the composite strengthened region, respectively. e middle peak is 1.81 times and 1.94 times the peaks on both sides, respectively. Because L 4 does not actually pass through the core of the composite strengthened region, the ζ peak value at the center of the composite strengthened region is likely to be higher. In addition, the value of the T3-353 curve is obviously greater than that of the T0 test; the two curves are only close to each other at the edges of both sides, and the average increase is 44.15%. e vibration of the foundation surface in front of the piles is greatly strengthened by the row pile.
Conclusions
Based on the field measurements, the two-dimensional contour map of the acceleration amplitude dissipation rates of the vibration source is drawn using a vibration test carried on a sand foundation. In addition, the means of the one-dimensional linear analysis of the characteristic sections on the contour map are studied. e propagation characteristics of the Rayleigh wave and the vibration isolation mechanism of single-row of piles on the surface of the sand foundation are analysed. Under the experimental conditions of this paper, the results are as follows:
(1) e Rayleigh wave diffuses radially around the vibration source in the test of the free field and tends to decay with increasing propagation distances. Specifically, there are four steps and two node values in the dissipative process of the Rayleigh wave with ζ as the reference index. ere will be a steady transition when ζ drops to 0.6 and a placid decline when ζ is less than 0.25; the decay in the other steps will be fast. (2) e effect of the single-row of piles on the vibration of the foundation surface is shown in two aspects: the shielding effect behind the piles and the strengthening effect in front of the piles. (3) e vibration-shielded region is located behind the piles, and the region presents a trumpet-shaped area that uses the pile as the vertex. Increasing the quantity of piles contributes to increasing the vibration isolation effect not only by involving the degree of isolation but also the area of the shielded region. e shielding effect behind the piles is mainly caused by the transmission of the wave. (4) Some regions are distributed in front of and to the rear of the piles, and the gaps between the piles show strengthened effects. e phenomenon of vibrationstrengthening relates to the vibration-strengthened regions and the vibration-strengthened strips. e strengthened regions are divided into three types according to their cause of formation. e first is formed by the diffraction of a Rayleigh wave, which occurs at the anterior angles of the two sides of the row pile. e second is formed by the scattering of a Rayleigh wave, which occurs in the gaps between the neighboring piles. e third type occurs between the vibration source and the piles and is caused by the superposition of the vibrations among the diffraction-strengthened regions and the scatteringstrengthened regions and the vibration source. e analysis shows that the more piles there are, the more obvious the vibration strengthening is. In general, the vibration-strengthened strips of the single-row of piles with arbitrary numbers of piles are connected with the scattering-strengthened regions, which start in the gaps and extend to a certain range behind the pile. e quantity of the vibration-strengthened strips corresponds to the quantity of the gaps between piles, and the ranges of the strips differ. In particular, there are two vibration-strengthened strips in the test of a single pile, which are connected with the diffraction vibration-strengthened region and adjacent to the vibration-shielded region.
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